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\S 0
0.1 $k$ , $k$ , $k$ $G$ , $G$
$k$ $V$ $(G, V)$ , k $k$ , $V\otimes_{k}\overline{k}$




( ) $G(k)\backslash V$ . ( , $k$ –
) ,
(D) $(G, V)$ , ,
. , Siegel $(\mathrm{c}\mathrm{f}.[10][11])$ (D)
( ) . ,
$\mathrm{D}.\mathrm{J}$ .Wright ( ) (D) $(\mathrm{c}\mathrm{f}.[12][13])$ .
, [9]
(5) $=$ $(GL(6), V(20))$
(14) $=$ $(GL(1)\cross S^{p}(3), V(1)\otimes V(14))$
(23) $=$ $\{GL(1)\cross S^{p}in(12),$ $V(1)\otimes V(32))$
(29) $=$ $(GL(1)\cross E_{7}, V(1)\otimes V(56))$
, ; , $k$ $(G, V)$
, $\otimes_{k}\overline{k}$ , -
- , $(G, V)$ , $(\triangleleft’)(\mathrm{u})$
.
0.2 - . 3
. , $-$ $\mathrm{T}\mathrm{i}\mathrm{t}\mathrm{s}$-Koecher $1$) $-$
$(\mathrm{c}\mathrm{f}.[5])$ , , $\mathrm{F}\mathrm{r}\mathrm{e}\mathrm{u}\mathrm{d}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{h}\mathrm{a}\mathrm{l}$
$(\mathrm{c}\mathrm{f}.[2][4])$ . $(G, V)$ , $k$ $\neq 2,3$
, , - [4]
. , ,
. - , $G(k)\backslash V$ ,
, - .
1002 1997 192-198 192
, :
(a) $(G, V)$ $k$ – .
(b) $(G, V)$ – $v_{0}\in V$ .
(a) $(G, V)$ ,
, (b) , – .
1.1-16 $(\mathrm{a}).\text{ ^{ }}$ , 21-23 (b) , 3.1-32
, . , , :
$V$ $k$ $M$ (cf. 15) , $G$ \mu k $M$
$k$ $G$ (cf. 14, 16) \mu k $\mathrm{x}G$
; , $Garrow \mathrm{A}\mathrm{u}\mathrm{t}(\mathrm{P}(M))$ $G$
(cf. 2.1).
\S 1
1.1 $k$ , $k$ , $N$ $J$ , $\#$ $J$
, $T$ $J$ ; ,
(cf. [1, I,\S l, no 4]) , $k$ , $k$ k-alg
, $k$ , $k$ $J_{a}$ : $R\vdash\Rightarrow J_{R}:=J\otimes_{k}R$
.
, $J$ $k$ tJ $\mathrm{S}(^{t}J)$ ,
$N$ $k$ $J_{a}arrow \mathrm{O}_{k}$ ( $:=$ ), $\#$ $k$ Ja\rightarrow Ja ,
$R\in k- \mathrm{a}$ $t\in R,$ $x\in J_{R}$ , $N(tx)=t^{3}N(x),$ $(tx)\# t^{2}x=\#$ .
$(J;N, \#, T)$ , , :
$R\in k-\mathrm{a}\mathrm{l}\mathrm{g},$ $x,$ $y\in J_{R}$
$(\mathrm{C}\mathrm{J}1)$ $x^{\#\#}=N(x)x$ ,
$(\mathrm{C}\mathrm{J}2)$ $\partial_{y}N(x)=T(’x^{\#}, y)$ ,
$(\mathrm{C}\mathrm{J}2)$ , $R[\epsilon]$ $R$ , $N(x+\epsilon y)=N(x)+\epsilon T(x\#, y)$
; , $c_{1},$ $c_{2}.\in J$ \mbox{\boldmath $\lambda$}\in tJ , $N(c_{1})\in k*\text{ }\lambda(c)\# 2=1$
.
$(J;N, \#, T)$ $3\cross 3$
$J=H_{3}(C)$ $\mathrm{M}\mathrm{c}\mathrm{C}\mathrm{r}\mathrm{i}\mathrm{m}\mathrm{m}\mathrm{o}\mathrm{n}$ [8] ,
Loos – $(\mathrm{c}\mathrm{f}.[6])$ .
12 1.1 $(J;N, \#, T)$ , $J$ $(J, J)$
.
, $k$ $(V^{+}, V^{-})$ $Q_{+}$ : $V^{+}arrow \mathrm{H}\mathrm{o}\mathrm{m}(V-, V+),$ $Q_{-}$ :
$V^{-}arrow \mathrm{H}\mathrm{o}\mathrm{m}(V^{+},$ $V^{-)}$ $(Q+, Q_{-})$ $(\mathrm{c}\mathrm{f}.[6,1.2])$ .
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\otimes kR . , $V^{+}=V^{-}=J$ ,
$R\in k- \mathrm{a}\mathrm{l}\mathrm{g},$ $x,$ $y\in J_{R}$
$X\cross y$ $:=(_{X+y)^{\#}-}x-\# y\#$ ,
$Q(x)y:=\tau(x, y)X-x^{\#}\cross y$




$R$ $B(x, y)$ . $B(x, y)$
$(x, y)$ $(\mathrm{c}\mathrm{f}.[6,3.2])$ . , $(x, y)$ $R$
$N(x, y):=1-T(x, y)+T(x^{\#}, y^{\#})-N(x)N(y)$
.
13 $k$ $H$ , $R\in k$-alg , $h=(\chi(h), h+, h-)\in R^{*}\cross GL(J_{R})\cross$
$GL(J_{R})$ , , $H(R)$ :
$x,$ $y\in J_{R}\otimes_{R}S,$ $S\in R- \mathrm{a}$ ,
(H1) $\tau(h_{+^{x}}, h-y)=^{\tau(x,y)}$
(H2) $(h_{+}x)^{\#}=\lambda-1h_{-X}\#,$ $(h_{-X})\#=\lambda h_{+^{x^{\#}}}$
(H3) $N(h_{+}^{-1}x)=N(h_{-}x)=\lambda N(x)$ .
, $H$ N similitude group
$(\mathrm{c}\mathrm{f}.[4,\mathrm{P}\cdot 405])$ . , ,
, .
14 $k$ $G$ monomorphisms
$J_{a}\Rightarrow\exp_{+},\exp_{-_{G}}arrow H$
( $H$ $G$ ) .
Loos – $(\mathrm{c}\mathrm{f}.[7])$ . Tits-Koecher
– . –
, $G$ $J_{a}\cross J_{a}\cross H\cross J_{a}$
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, $(J, J)$ (cf.l 2) .
, $G$ , :
(a) $(x, y, h, z)rightarrow\exp_{+}(X)\exp_{-}(y)h\exp+(z)(x, y, Z\in J_{R}, R\in k_{-}\mathrm{a})$ epimorphism
$J_{a}\cross J_{a}\cross H\mathrm{x}J_{a}arrow G$ .
(b) $(y, h, x)\vdasharrow\exp_{-}(y)h\exp_{+}(X)$ ( $x,$ $y\in J_{R},$ $R\in$ k-alg) $J_{a}\cross H\cross J_{a}arrow G$
.
(c) $R\in k- \mathrm{a}\mathrm{l}\mathrm{g},$ $x,$ $y\in J_{R},$ $h=(\chi(h),$ $h_{+},$ $h_{-)}\in H(R)$ ,
$h\exp_{+}(x)h-1=\exp+(x(h)h+x)$ $h\exp_{-}(y)h^{-1}=\exp_{-(x()^{-}y)}h1h_{-}$ .
(d) $R\in k- \mathrm{a}\mathrm{l}\mathrm{g},$ $x,$ $y\in J_{R}$ , $\exp_{+}(X)\exp_{-(y})$ (b) $J_{a}\cross H\mathrm{X}J_{a}arrow$
$G$ $(x, y)$ ,
$\exp_{+}(x)\exp-(y)=\exp-(y^{x})b(x, y)\exp+(_{X^{y})}$ ,
, 12 , $x^{y}=N(X, y)-1(x-X\cross y\#+N(x)y\#$
$b(x, y):=(N(X, y),$ $N(X, y)^{-}1B(X, y),$ $N(x, y)B(y, x)-1)$ .
, $G$ Freudenthal $(\mathrm{c}\mathrm{f}.[4,\mathrm{p}.425])$ .
1.5 $k$ $M:=k\oplus J\oplus k\oplus J$ ,
$(\alpha, \beta\in k, a, b\in J.)$ . $k$
$J_{a}\Rightarrow \mathrm{G}\mathrm{L}(M\exp_{+},\exp_{-})arrow H$





, , $[4_{\mathrm{P}\mathrm{P}^{4}},.25- 426]$ .
16 $k$ $\theta$ : $Garrow \mathrm{G}\mathrm{L}(M)$ , $\theta_{\mathrm{o}\mathrm{e}\mathrm{x}=}\mathrm{p}_{\sigma}\theta\sigma(\sigma=\pm)$ $\theta|H=\theta_{0}$
– ; $\theta$ monomorphism .
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Loos – $(\mathrm{c}\mathrm{f}.[7])$ , – , $R\in k-$
$\mathrm{a}\mathrm{l}\mathrm{g},$ $X,$ $y\in J_{R},$ $h\in H(R)$
$\theta_{0}(h)\theta_{+}(X)\theta \mathrm{o}(h)^{-}1.(=\theta_{+}x(h)h+^{x)}$ $\theta_{0}(h)\theta_{-}(y)\theta 0(h)-1=\theta_{-}(x(h)^{-}1h_{-y)}$
, $(x, y)$
$\theta_{+}(_{X})\theta_{-}(y)=\theta_{-}(yx)\theta 0(b(x, y))\theta+(_{X^{y})}$ ,
$(\mathrm{c}\mathrm{f}.1.4.(\mathrm{d}))$ . .
\S 2
21 $N(c_{1})\in k^{*}$ $c_{1}\in J$ (cf. 1.1) , $G(k)$ $\epsilon$
$\theta(\epsilon)$ .
.
$\mathrm{P}(M)$ Proj $\mathrm{S}(^{t}M)$ , $\mathrm{P}(M)(R)$ $R$ $M_{R}$ 1
– . $\theta$ $G$ $\mathrm{P}(M)$ . $x\in \mathrm{P}(M)(k)$
$x:=k$ . $\in \mathrm{P}(M)(k)$
.
22 $H$ $h\mapsto\chi(h)^{4}$ $H’$ , $s:(\lambda, h_{+}, h-)\mapsto(\lambda, \lambda^{2}h_{-}, \lambda^{2}h_{+})$ $H’$
$s^{2}--1$ ; $H’$ $(\mathrm{Z}/2\mathrm{Z})_{k}$ $H’\cross_{s}(\mathrm{Z}/2\mathrm{Z})_{k}$
$(\mathrm{c}\mathrm{f}.[\mathrm{D}- \mathrm{c},\mathrm{I}\mathrm{I}, \S 1,3.3 \mathrm{a})])$ , $(\mathrm{Z}/2\mathrm{Z})_{k}(R)$ $R$ $f$ $f*f’$ $:=$
$f+f’-2f.f$’ – , $\chi’$ : $(h, f)\mapsto\chi(h)2(1-2f)$ $H’\cross_{s}(\mathrm{z}/2\mathrm{Z})_{k}$
; $\chi$ $H”$ , $R\in k- \mathrm{a}\mathrm{l}\mathrm{g},$ $(h, f)\in H’’(R)$ , $f$
$R$ $R\simeq R_{1-f}\cross R_{J}$ . $(h, h\epsilon)\in G(R_{1-f})\cross c(Rf)$ (cf. 2.1)
$G(R)$ $\mathrm{f}(h, f)$ , $k$
$\mathrm{f}:H’’arrow G$
.






3.1 $f\in \mathrm{S}^{4}(^{t}M)$ ,
$f:=(T(a, b)-\alpha\beta)2+4N(a)\beta+4N(b)\alpha-4\tau(a\#, b^{\#})$
( $\alpha,$ $\beta\in R,$ $a,$ $b\in J_{R},$ $R\in$ k-alg) . $D_{+}(f)$ $\mathrm{P}(M)=$ Proj $\mathrm{S}(^{t}M)$
, $f$ $\mathrm{S}(^{t}M)$ ; ,
$x\in D_{+}(f)(k)$ (cf. 2.1).
$f$ 0.1 $\lceil_{\mathrm{F}\mathrm{r}\mathrm{e}\mathrm{u}}\mathrm{d}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{h}\mathrm{a}1$ .
32 (a) $f$ $G$ .
(b) , $K\in k- \mathrm{a}$ , $G(K)$ $D_{+}(f)(K)$
: $L\in k- \mathrm{a}$ $\neq 2$ , $J_{L}$ $(x, y)\mapsto T(x, y.)$
.
(a) , $(\mathrm{c}\mathrm{f}.[3,\S 5.4])$
. (b) ([8,PP.427-428]) .
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